Abstract -This paper describes aspects of ground target detection using a Forward Scattering Radar (FSR). The problem of extracting the Doppler signature in different interference environments is addressed. Hilbert Transform and Wavelet have been used to predict the existence of target. The paper begins with a brief description of the system, followed by a more detailed analytical study of predicting the presence of target in FSR. A practical experimentation has been realised to evaluate the proposed algorithm.
Introduction
Forward scattering radar (FSR) is an operational mode of bistatic radar that corresponds to the case when the bistatic angle nearly 180 0 . FSR exhibits some unique advantages such as: robustness to stealth targets, enhanced targets cross-sections (compared to traditional radar), long coherent interval of the receiving signal, absence of signal fluctuations and reasonably simple hardware [1] [2] [3] [4] . In addition, high performance of an automatic recognition of targets crossing the FSR baseline have been successfully proved [5] [6] . Although FSR has a promising advantages, but it also have a number of known drawbacks, such as the absence of range resolution, narrow operational area, etc.
The basics of FSR can be found in the works of Willis [1] and Chernyak [2] , whereas research on target detection, coordinate estimation and automatic classification can be found in [3] [4] [5] [6] [7] . Despite the results reported in the literature [2] [3] [4] , most studies of FSR have only been carried out in a small number of scenarios and most publications dedicated to FSR studies on airborne. Recent study focus on ground application [5] [6] [7] [8] [9] did not assume different level of noise masking the received signal in which it makes the classification process is more difficult.
This paper concentrates on the procedure of extracting signal scattered from the ground target crossing the FSR baseline. The target's signal is embedded and hidden inside the high clutter and noise interference. Two methods: Hilbert Transform and Wavelet have been utilised to predict the existence of target. It was shown that using these techniques we can effectively predict target crossing the FSR baseline. As far as the author concern, this is the first paper dedicated to ground clutter rejection in FSR.
By using FSR for detection and classification of ground targets together with the low cost system, it could find various applications in civil, defence, medical and security systems. 
FSR basics
This section summarises the basic technical in FSR and more detail can be found in [1] [2] [3] [4] 8] . As mentioned earlier, FSR introduces a specific case of a more general class of radar, namely, bistatic radar (BR). The key peculiarity of FSRs is that, in contrast to their monostatic and bistatic counterparts, they exploit an effect of electromagnetic wave shadowing a target rather than scattering from the target. This fact puts an essential restriction on the FSR topology as the target shadow exists within a relatively narrow corridor <20 0 around the baseline, that is, the line connecting the transmitter and the receiver. Another consequence is that the system loses its range resolution. An FSR system as shown in Figure 1 comprises of a transmitter (Tr) with fc central frequency and an appropriate wavelength (λ), and of a receiver (Re) separated by a distance (b) from the transmitter. The target (Ta) is assumed to be moving along a trajectory that crosses the baseline with speed (V), has zero elevation and the system operates in a ground plane [8] [9] . Assuming the transmitting signal bandwidth 
Where c is the speed of light, (β) is the bistatic angle and for the FSR 0 , the target blocks part of the transmitted signal, which leads to a reduction of the received signal power. In this case, the target acts as an aperture antenna with a maximum gain [1] equal to
where λ=1/f c is the signal wavelength, which is assumed to be small compared to the target's dimensions, and A is the target shadow silhouette area projection on the transmitter-target line. When β=180 0 , the level of received signal reaches its maximum and the target can be characterized by a forward scattering cross-section (FSCS), which also depends upon the target shadow silhouette area A[8]
Using practical numbers, it could be shown that FSCS is essentially bigger than the corresponding monostatic RCS. For a small car (ground target) with a physical area A ~ 4m 2 at frequency 900 MHz, we can expect that σ b = 2000m 2 when a similar target in the monostatic case has about 50m 2 RCS. This and the robustness to stealth targets are considered as one of the main advantages of FSR. When the bistatic angle decreases, the FSCS follows the appropriate equivalent antenna pattern. The first null in this Pattern occurs at the angular distance [8] max l λ α (5) Where lmax is the maximum length of the target. Equation (5) is a good approximation only for the optical region, that is, where l max >λ. In the resonance region, l max ~λ., forward scattering still exists but this equation is not accurate. Using rectangular targets with different length as examples [10] , it was shown analytically and confirmed experimentally that the cross-section of the target ( ), b σ ϕ ϕ π β = = , approximately follows the appropriate antenna pattern with a rectangular aperture. The received forward-scattering signature as a function of the observation angle α. When the target crosses the baseline, it has a maximal cross-section, and this region can be used as the parameters for the target detect ability evaluation. Alternatively, if the bistatic angle never reaches 180 0 , an appropriate σ b reduction should be taken into account and the detection via FSCS side lobes can take place. For example, for a rectangular silhouette, the cross section reduction follows the 2 2 sin ( / ) /( / ) β β β β ∆ ∆ function. This means that if the waveforms are processed using the third side lobe of the FSCS, a signal reduction from 220 dB to 230 dB is expected. It is obvious that the forward scattering components of a moving target introduce a Doppler shift. This can be used for moving target selection, as well as for its speed determination. This information is also used in FSR for target trajectory reconstruction as well as target classification. The Doppler shift depends mainly on the target velocity vector components and the carrier frequency. The general equation that describes the received waveform, that is, target signature from the moving sample target (rectangular shape) can be found in [8] .
Experimental Set up and Data Collection
Practical experimentation is of paramount importance for the development of radar systems. In this section, the experimental set-up is described and the method of data collection is presented. Two experimentations have been done to collect the FSR signal. The difference is in the distance, types of antenna and antenna's height. Detail of the experimental set up will be presented in the next subsections: Figure 2 illustrates the FS sensor block diagram, the system topology and a typical scenario used for vehicle classification [8] . The transmitter generates a 0 dBm CW signal at an ISM band carrier frequency of 900 MHz with vertical polarization. At the receiver, the vehicle signature is detected via nonlinear processing, whereby the arriving signal, which contains both the direct signal and the signal with the Doppler components, is passed through an amplitude detector. The low-pass filter allows only this Doppler component to pass through. Detail of the experimentation is described in [8] .
Experimental set up: Layout 1

Experimental set up: Layout 2
Experimentation in layout 2 is similar to layout 1, the difference is: a) In the first layout, we used directional antenna as shown in Figure 3a , here we used omni directional antenna with lower gain about 2dbi and wider beam width as shown in Figure 3b . b) The separation distance between the transmitter and the receiver was increased to 20 m. c) The antenna is mounted on the pole and was raised to -1m from the ground in the first case, whereas the antenna is directly put on the ground in the current experimentation as shown in Figure 3a .
These differences make the process of extracting the Doppler shift is more difficult because we have less power concentration on the object beside the higher noise level and ground clutter that will be added to the received signal. 
Analysis and Results
We predict the existence of target base on the high zero Doppler frequency (reflect to maximum Radar Cross Section) when the target is exactly on the transmitterreceiver baseline. Doppler frequency at the receiver will increase as the target move away from the baseline. By employing Hilbert transform on the received signal, will give us the relationship between the instantaneous frequency with respect to time. From the discussion in section 2 and our assumption, Zero frequency or very low frequency is been created at the time that the object passes through the FSR baseline, and then using a frequencytime relationship we can detect the target. The effectiveness of the proposed method will be presented first by testing to the analytical result followed by real experimental data. Next is to perform Hilbert Transform to the received signal from experiment using layout 1. Figure 5a shows the typical received signal in time domain from layout 1. More detail and examples of signal can be found in [5] [6] [7] [8] . Figure 5b shows the frequency-time relationship after Hilbert Transform. Again, it is clearly seen from this graph the presence of the target within FSR corridor and also we can predict the crossing time. Now, we can apply the same procedure to the experimental data using Layout 2 with transmitterreceiver distance was set to ~10m and antenna were directly on the ground. During experimentation, two targets with a separation distance of approximately ~2m were crossing the baseline at a speed ~ 20km/h. The two targets are almost similar in shape and at least the have the same maximum height. Figure 6a shows the received signal in time domain. The graph shows that the signals from targets are under the influence of high noise and can barely be seen from the human visualisation. By performing directly Hilbert Transform as in the previous case and shown in Figure 6b , we have at least a promising indicator base on the two lowest frequencies between points 4000 to 5000 and it does correlate to the time domain signal. Based on these examples, we have introduced another method to be applied in the FSR processing to reduce and reject any clutter from the received signal. This will be discussed in the next section.
Denoising using Wavelet
To overcome the uncertainties as shown in Figure 6b , we have performed a denoising procedure into the target prediction process in FSR. The signal denoising is using wavelet and comprises three steps: Decomposition, Threshold Detail Coefficients and Reconstruct.
After the signal decomposition using wavelet transform, the signal is left with a set of wavelet coefficients that correlates to the high frequency sub bands. These high frequency sub bands consist of the details in the signal. If these details are small enough, they might be omitted without substantially affecting the main features of the signal. Additionally, these small details are often those associated with noise; therefore, by setting these coefficients to zero, we are essentially filtered out the noise from the signal. This becomes the basic concept behind threshold-set all frequency subs band coefficients that are less than a particular threshold to zero and use these coefficients in an inverse wavelet transformation to reconstruct the signal. In our case, we used 'sym8' as a selected wavelet function for Decomposition. The choice of wavelet function is based on our experience and to the correlation to the expected received signal.
By performing wavelet to Figure 6a , the signal is left with two peaks and most of the high frequency noise has been rejected as shown in Figure 6c . The position of the two very clear high peaks did correlate to the Figure 6a and b. This indicates that the denoising process is correct and enough for target prediction.
For the next experimentation using Layout 2 where the transmitter-receiver distance is increased to ~20m the received signal is shown in Figure 7a for time domain signal. Here, the signal is fully masked by the clutter. This makes the denoising more challenging and the detection opportunity is more difficult. During experimentation, Expected target two targets were crossing the FSR baseline with target speed ~ 20km/h.
Using the same wavelet techniques and performed to the received signal, it is clearly seen that, there are two high peaks which corresponds the two targets at a separation distance ~6m as shown in Figure 7b . We tested the effectiveness of this wavelet by experimenting to the next signal for target separation ~3m and shown in Figure  8a and b for the original and denoised signal respectively. Again, from Figure 8b , we can predict the target based on the two high peaks between points 3000 to 4000. All signals, results and graphs for the before and after denoising were verified using video camera capturing the experimentation scene. 
Conclusion
In this paper we have presented an analytical and experimental study for extracting the Doppler signature in FSR for ground target detection. Target signal under the influenced of high clutter has been successfully detected using the proposed method. The results again confirmed the feasibility of FSR to be employed as an automatic ground target classification system. But, to make FSR ready to be realised in real application future work has to be done which include practical cross range resolution in FSR and an advanced classification technique.
